The effect of water-in-oil (w/o) microemulsion containing ascorbic acid on photo-oxidative stability of virgin coconut oil (VCO) was investigated. To optimize the formulation, w/o microemulsions were prepared using hydrophilic lipophilic balance (HLB) concept, consisted of ternary nonionic surfactants having low, medium, and high HLB values. From this optimum HLB number, the ratio of water, surfactant and oil was determined to obtain microemulsion areas. After optimization of the microemulsion system, the storage at room temperature, and the extreme condition were conducted for testing the microemulsion stability. Then, the stable formulas were used for delivering ascorbic acid. The solubility and photo-oxidative stability of ascorbic acid microemulsion were evaluated. The optimum formula of ascorbic acid microemulsion was applied into VCO at various concentrations (0, 1, 5, and 10% w/w). Samples were subjected to photo-oxidation under fluorescent light exposure of 4000 lux for up to 8 hours. Peroxide values (PVs) and p-anisidine values (p-AnVs) of the samples were measured at 1 hour interval. The results indicated that w/o microemulsion could be formed on the HLB number of 7. W/o microemulsion containing 75% oils need surfactant concentrations of ≥ 4.5 part of water, and if containing 77.78% oils, the surfactant concentration must ≥ 5.5 part of water. These microemulsions remained stable during storage at room temperature, even after centrifugation, but did not tolerate at high temperature. The maximum solubility of ascorbic acid in w/o microemulsion was 1%. Ascorbic acid microemulsion resistant to photo-oxidation and effective inhibits that reaction in VCO. This study confirmed that w/o microemulsion can act as ascorbic acid delivery system to disperse into VCO for inhibiting its' quality deterioration due to photo-oxidation.
INTRODUCTION
Virgin coconut oil (VCO), unlike the coconut oil obtained from dried copra, is extracted directly from coconut meat under mild temperature. This extraction process provided the nutrition stability and its beneficial components. However, during prolonged storage or display at retailers VCO may undergo quality deterioration leading to rejection by consumers especially due to the presence of rancid flavor and odor.
Hydrolysis and oxidation are two main reactions which could result in the deterioration of oils. However, oxidation is mostly responsible for much more of the deterioration of fats and oils than hydrolysis (List et al., 2005) . Oxidation reaction influences the chemical, sensory and nutritional properties of edible oils and thus plays an important role in determining their use and shelf-life (Anwar et al., 2007) . Ultimately, this oxidative deterioration could lead to significant losses for producers, retailers, and consumers.
In my previous study, I found that within the period before the expiration date, 11 out of 18 commercial brands of VCO marketed by retailers around Yogyakarta-Indonesia fell short of the quality standards. The verification indicated that it's initiated by singlet oxygen oxidation or known as photo-oxidation. These oxidation products catalyze the oxidation chain reaction, resulting in the oils' quality deterioration.
The undesirable photo-oxidation reaction can be reduced by singlet oxygen quencher (SOQ). According to Lee et al. (1997) , tocopherols, carotenoids, and ascorbic acid can be used for the practical reduction of singlet oxygen oxidation of oils and other oil-soluble components. However, the singlet oxygenquenching abilities of tocopherols are not effective as carotenoids whereas carotenoids generally get in colored, so unsuitable for VCO. Bowry and Stocker (1993) in Yamamoto (2001) reported that α-tocopherol, the most effective of tocopherols derivatives, requires ascorbic acid as co-antioxidant. L-Ascorbic acid or Vitamin C is a colorless, strong and powerful water-soluble antioxidant that efficiently protects important organic and biological molecules against oxidative degradation. It works even better in conjunction with other antioxidant, such as tocopherols and carotenoids by establishing a peculiar recycling system with a synergic effect (Nostro, 1997) . However, due to its very poor solubility in nonaqueous media, ascorbic acid cannot be used to protect hydrophobic systems such as VCO. In this study, w/o microemulsion was used for facilitating ascorbic acid dispersion into the VCO toward quality deterioration due to photooxidation.
The microemulsion is defined as a system of water, oil and amphiphile which is a single optically isotropic and thermodynamically stable liquid solution (Danielsson and Lindman, 1981 in Pakpayat et al., 2009 ). Because of its several advantages such as transparent, thermodynamically stable (long self-life), low viscosity, easy formulation (low interfacial tension and almost spontaneous formation) and high surface area (high solubilisation capacity), its considered suitable for applying in VCO. The objectives of this study were to obtain the stable w/o microemulsion formula; to determine the solubility of ascorbic acid in w/o microemulsion, and the stability of ascorbic acid microemulsion against photo-oxidation; and to evaluate the inhibitory effect of ascorbic acid microemulsion toward photo-oxidation of VCO.
MATERIALS AND METHODS
A freshly prepared VCO obtained from a local VCO producer was filtered in the presence of anhydrous Na 2 SO 4 to obtain the dry VCO and then used in this study as continuous phase. Generally, w/o microemulsion can be formed with surfactants having low HLB value, range 3-8 . In this study, the microemulsion systems were prepared with ternary surfactants mixture consisted of Span 80, Span 20 and Tween 20 at various HLB numbers, i.e. 6, 6.5, 7, 7.5, and 8. Briefly, mixtures of deionized water with a combination of ternary surfactants at various HLB numbers on the ratio 1:4 (w/w) and mixing by hot-plate stirrer (SRS 710 HA, Advantec, Japan) at medium speed. The temperature was kept at 40±2ºC. After 10 minutes, dry VCO was added by using a 50 mL burette and stirring at high speed. The microemulsion system was identified as clear and transparent solutions, obtained based on visual inspection.
Determination of water/surfactant/oil ratio:
Based on the selected of HLB number of surfactant mixtures, the ratio of water/surfactant/oil was determined. According to the same method as defined before, the microemulsion was prepared by mixing water and combination of surfactants and then titrated with dry VCO. The transparent solution obtained from the mixtures revealed the optimum ratio of water/surfactant/oil to prepare microemulsion. These optimum formulas were used for further experiments. The microemulsion samples were allowed to equilibrate at room temperature (30±1°C) for at least 24 hours before they were examined to be transparent and homogeneous.
Stability test of w/o microemulsion:
According to Cho et al. (2008) , the stability of microemulsions was examined during storage at room temperature and under extreme conditions. All prepared microemulsions (10 g) were stored in disposable conical tubes.
Microemulsions stability was routinely monitored, initially by visual inspection of the samples on a daily and later by turbidity measurements monthly for 2 months at room temperature (30±1°C).
The stability test under extreme condition conducted for a thermal stress test, and a centrifugation stress test. For a thermal stress test, 10 g microemulsions were subjected to mild until high temperature (60-105°C) for up to 5 hours in a drying oven (MOV-112, Sanyo, Japan). For a centrifugation stress test, 10 g microemulsions were centrifuged at 5000 rpm for 15 minutes in a centrifuge (EBA 3S Hettich, Germany). After a thermal stress test or a centrifugation stress test, the microemulsion was monitored by visual inspection, and turbidity measurement using a UV/Vis spectrophotometer (UV-1650 PC, Shimadzu, Japan). Samples were contained within quartz cuvettes with a path length of 1 cm and all measurements were observed at a wavelength of 502 nm. The turbidity was calculated as turbidity x path length = 2.303 x absorbance (Fletcher and Morris, 1995 in Cho et al., 2008) .
Solubility
of ascorbic acid in w/o microemulsion:
For preparing of ascorbic acid microemulsion, the following procedure was employed: the desired amount of ascorbic acid was first dissolved in deionized water. The aqueous phase containing ascorbic acid was subsequently added with the right amounts (per weight) of surfactant mixtures and then stirring at medium speed for up to 10 minutes at 40±2ºC. After that, the dry VCO was titrated to those mixtures at high speed stirring for up to 10 minutes. The solubilisation limit of the ascorbic acid in w/o microemulsion was defined as the transition appearance from transparent to cloudy.
Photo-oxidative stability of microemulsion:
To evaluate the stability of microemulsion against photo-oxidation, a portion of w/o microemulsion or ascorbic acid microemulsion were placed in transparent serum bottles with rubber caps. Photo-oxidation was performed under accelerated condition using fluorescent lights with intensity of approximately 4000 lux and samples were exposed to that light for up to 5 hours at room temperature (30±1ºC). Peroxide values (PVs) of the samples were measured according to the method proposed by the AOCS Official Method (AOCS, 2004) .
Effect of ascorbic acid microemulsion on photo-oxidized VCO:
To evaluate the inhibitory effect of ascorbic acid microemulsion on VCO against photooxidation, two set of samples were used. A portion of VCO samples containing 0, 1, 5, or 10% w/w microemulsions were placed in a number of transparent serum bottles with rubber caps, while another portion was protected from light by wrapping the serum bottles with aluminum foil. Photo-oxidation was performed under accelerated condition using fluorescent lights with intensity of approximately 4000 lux and samples were exposed to that light for up to 8 hours at room temperature (30±1ºC). PVs and panisidine values (p-AnVs) of the samples were measured at 1 hour interval. PVs and p-AnVs were determined according to the method proposed by the AOCS Official Method (AOCS, 2004) . PV and p-AnV were used to calculate the total oxidation (TOTOX) of the samples. According to AOCS (2004) , the use of PV and p-AnV analysis together gives a more complete picture of total oxidation than each test separately. The equation is TOTOX = 2 PV + p-AnV. The low TOTOX values indicate good stability.
Statistical analysis:
Data from all investigations in each experiment were represented as the mean value of 3 replicates. Significant differences (P < 0.05) between means were determined using Duncan's multiple range tests.
RESULTS AND DISCUSSION A. Formulation of w/o microemulsion: A.1. Suitable HLB number for w/o microemulsion:
According to Fanun (2009) , before preparing the microemulsions, the candidate ingredients should be established. Choosing a surfactant mixture with proper HLB is among necessary conditions for microemulsion formation. The value of the HLB number indicates how the surfactant will behave in a solution (Pilemand, 2002) . The HLB is one of the most common methods to correlate surfactant structure with their effectiveness as emulsifiers. It is closely related to the capability of solubilisation the solubilised substances (Kruglyakov, 2000) . According to Flanagan and Singh (2006) , the surfactant, also called emulsifier or amphiphilic compound, plays an important role in microemulsion formation by reducing the interfacial tension which is facilitating the microemulsion formation.
Moreover, the chemical type of surfactant which best matches that of the oil must be chose, because the chain length compatibility of a surfactant and oil is important factor in the formation of microemulsion (Bayrak and Iscan, 2005 in Cho et al., 2008; Fanun, 2009 ). The combinations of high and low HLB value of surfactant provide the necessary conditions for the formation of a stable w/o microemulsion (Osborne et al., 1988 in Constantinides and Scalart, 1997; Pilemand, 2002; Garti et al., 2005; Li et al., 2005; Cho et al., 2008) . The mix surfactants can also increase the solubility of the bioactive compound in the microemulsion . Because of the reasons, the water-in-VCO microemulsion in this experiment prepared by using the combination of Span 80 (HLB = 4.3), Span 20 (HLB = 8.6), and Tween 20 (HLB = 16.7).
In this experiment, it found that w/o microemulsion formed only at the HLB number of 7 which composed of 16.6% of Tween 20, 15.0% of Span 20, and 68.4% of Span 80. This result indicated that the HLB number of 7 with that combination of surfactants was the required for formatting water-in-VCO microemulsion. The transparent appearance at that HLB revealed the equilibrium condition of water/surfactants/VCO system. So, this HLB number was selected for further experiments.
A.2. Optimum formula of w/o microemulsion:
The microemulsion system may form at specific proportions of water, surfactants, and oil.
In this experiment, to determine the optimum formula of water-in-VCO microemulsion formulation, the combinations of water/surfactants/VCO at varied ratios (as shown at Table 1 ) were prepared. On dilution of solution having different water/surfactants ratios with VCO, a one-phase transparent solution was formed when the ratio of the mix of water/surfactants : VCO was 1:3 (or 75% of the oil phase) at the surfactants ratio ≥ 4.5 part of water or 1:3.5 (or 77.78% of the oil phase) at the surfactants ratio ≥ 5.5 part of water. The formula of 1, 2, 3, and 4, could not form microemulsion system because of insufficient surfactants in the systems. According to Patel et al. (2007) , the concentration of surfactants must be high enough to provide the number of surfactant molecules needed to stabilized the microdroplets to be produced by an ultra low interfacial tension (< 10 -3 mN/m). It was very important things to promote the formation of microemulsion system which having diameter of the droplets in the range of 10-100 nm.
In comparison between formula 5, and 6 with the formula of 9, 10, 13, 14, and 15, as amount of the oils phase increase, the system needs more surfactants to facilitate the formation of microemulsion. Economically, the usage of higher amount of surfactants was inefficient treatment. It also could increase the additive content in the products which was applied into microemulsion system. Consequently, the transparent systems obtained from the formula of 5, 6, 7, 8, 11, and 12 were used for further experiment and named as formula A, B, C, D, E, and F.
B. Stability of w/o microemulsion:
The stability of microemulsion is improved if a combination of surfactants is used because solubilisation reaches the maximum and the smallest particles are formed when the HLB of surfactant is optimum in a given oil-water system (Pilemand, 2002) . The stability of microemulsion was evaluated by storing at room temperature and under accelerated (extreme) condition.
Accelerated testing methods are required for evaluating of long-term stability. This has been attempted by means of storage at elevated temperature and centrifugation (Morais et al., 2006 in Cho et al., 2008 . It was observed by turbidity measurements. The turbidity of a sample is proportional to the average particle diameter (Cho et al., 2008) . Hence, changes in the turbidity of a microemulsion sample can be used to derive changes in the particle volume resulting from either clustering or growth of the microemulsion droplets, and to obtain information on stability changes. The turbidity changes from this experiment were showed in Table 2 . Table 2 shows that the turbidity decreased after heating and slightly increased after centrifugation, and greatly increased after 1 month storage at room temperature. In this experiment, the heating test was performed under mild to high temperature (60-105ºC) for up to 5 hours and the centrifugation test was conducted at 5000 rpm for 15 minutes. The negative values of turbidity index indicated that the samples have clearer appearance incomparable with the reference (VCO).
At mild temperature (60ºC) all of the microemulsions remained stable; they were still transparent after heating, even clearer incomparable with the untreated samples.
However, they were intolerable to relatively high temperature (70ºC, and above) indicating with the separate phase. The separation phase may be due to the changes in nonionic surfactants structure which are likely to occur. Nonionic surfactants in particular are affected by changes in temperature, which affect their head-group size, thereby indirectly affecting their ability to solubilize oil (Sottmann and Strey, 1997 in Flanagan et al., 2006) . Because of the reason, the structure of surfactant changed at ≥ 70ºC, affected the separation of microemulsion system. This study indicated that the water-in-VCO microemulsions suitable apply to the mild temperature processing products.
According to Li et al. (2005) , as opposed to the single surfactant, combined use of surfactants might have provided better surfactants' HLB. As a result, it enhanced the flexibility of surfactant layer that was formed; it also enhanced the surfactants' ability to partition at higher levels into the water-oil interface; both of which stabilized microemulsion system. It was the reason for stabilizing the water-in-VCO microemulsion during storage, even after centrifugation or heating at mild temperature. Although there were significant differences (p < 0.05) on the turbidity index, all of samples had transparent appearance. According to Cho et al. (2008) , the microemulsion which indicated a transparent liquid showed a turbidity value of less than 1%. Thus, all of microemulsion formulas in this study could be declared as stable microemulsions and suitable for further applications.
C. Solubility of ascorbic acid in w/o microemulsion:
To determine the solubility of ascorbic acid in the w/o microemulsion, the ascorbic acid at different levels (10, 5, 4, 3, 2, 1, 0.75, and 0.5% w/w) was loaded. That resulting mixtures were evaluated with regard to their appearance. The results indicated that the incorporation of ascorbic acid at the level more than 1% (w/w) obtained slightly turbid or cloudy solution with precipitations of ascorbic acid.
According to Pakpayat et al. (2009) , incorporation of ascorbic acid in the formulated microemulsion leads to the microemulsion structure destabilization and do not allow to obtain transparent isotropic systems what about the protocol envisaged. Therefore, the ascorbic acid microemulsion areas were displacement to the lipophilic region. Because of the reason, reformulations of microemulsion had done with adding the oil phase (VCO) at the amount of ascorbic acid loaded. However, those formulas also did not produce transparent solution. Thus, the ascorbic acid microemulsion prepared by subtracting the amount of ascorbic acid from the aqueous phase (deionized water). These formulations allowed obtaining transparent solution at the concentration of ascorbic acid 1% or less. The maximum solubilisation of ascorbic acid in w/o microemulsion formula A, B, C, and D was 1%, whereas in formula E, and F was 0.75%. Those formulas showed that the maximum ability of w/o microemulsion to retain (or solubilize) the ascorbic acid without phase separation. These formulas then applied in further experiments.
D. Photo-oxidative stability of microemulsion:
The photo-oxidative stability of microemulsion was performed under accelerated condition using fluorescent lights with intensity of approximately 4000 lux and samples were exposed to that light for up to 5 hours at room temperature (30±1ºC). Photo-oxidation is a reaction that initiates quality deterioration in fatty product. Intense light exposure in photo-oxidation induces an increased rate of peroxide formation in the oil (Rahmani and Csallany, 1998) . PV is a measure of the concentration of peroxides and hydro-peroxide forms in the initial stage of lipid oxidation. The number of peroxides reflects its oxidative level and thus its tendency to become rancid (Anwar et al., 2007; Kim et al., 2007; Marina et al., 2009 ). The PVs changes in the microemulsion exposed to fluorescent light were showed in Table 3 . Table 3 shows that the light exposed VCO or the water-in-VCO microemulsion had significantly (p<0.05) higher PV than that's untreated samples. However, the microemulsions showed significantly (p<0.05) lower PV than the original VCO samples. In this experiment, the microemulsions contained 75% of dry VCO (in formula A, B, C, and D) or 77.78% (in formula E, and F). My previous study indicated that light exposure with relatively high intensity (4000 lux) was very effective to initiate photo-oxidation in VCO. Consequently, increasing VCO in the light exposed microemulsion system could result in increasing PV. However, if the microemulsion was loaded with ascorbic acid, the PVs became zero at all of the treatment (data not shown).
These results indicated that ascorbic acid which was incorporated in the water-in-VCO microemulsion system could play as SOQ and inhibit the photo-oxidation reaction. As reported by Bodannes and Chan (1979) , ascorbate can scavenge singlet oxygen, superoxide and peroxide. In comparison with the said study, this experiment resulted in a similar trend which was indicated with the zero values of PV in ascorbic acid microemulsions, even after exposed to the fluorescent light. This result indicated that the ascorbic acid microemulsion resistant to the photo-oxidation reaction.
E. Effect of ascorbic acid microemulsion on photo-oxidized VCO:
The effect of ascorbic acid microemulsion on photo-oxidized VCO was evaluated by measuring the PVs, p-AnVs, and TOTOX values of light exposed VCO containing microemulsion formula A at different concentrations (0, 1, 5, and 10% w/w). The results were showed below. Figure 1 shows that the PV changes in the light exposed VCO containing w/o microemulsion without ( Figure 1A) or with ascorbic acid loaded ( Figure 1B ). According to Rahmani and Csallany (1998) , intense light exposure in photo-oxidation induces an increased rate of peroxide formation in the oil. In comparison with the said study, this experiment resulted in a similar trend. Figure 1A shows that the light exposed VCO containing different amount of w/o microemulsion showed very significantly (p<0.01) higher PV than that's the light protected samples but there was no significant different (p>0.05) among the concentrations of w/o microemulsion addition. It's indicated that w/o microemulsion system did not affect on the photooxidized VCO. Figure 1B shows that the significant effect of ascorbic acid microemulsion on photo-oxidized VCO. The ascorbic acid microemulsions were very significantly (p<0.01) lower the PVs of VCO. Even it could eliminate the PVs at the concentration of ascorbic acid microemulsion was 5% or 10%. The high polarity of lipid hydroperoxide that produced during illumination would cause them to diffuse towards the water-VCO interface. The ascorbic acid in the microdroplets of microemulsion quenched those free radical hydroperoxides and made them no more detected as peroxides. Moreover, the ascorbic acid also could act as SOQ which was inhibiting the photo-oxidation and suppressing the peroxides formation.
E.1. Peroxide value changes
As reported by Wanasundara and Shahidi (2005) , ascorbic acid is effective in trapping singlet oxygen, superoxide, and peroxide. Mosca et al. (2008) also reported that the vitamin C in water-in-olive oil emulsion succeeds in acting as an effective antioxidant even if it is confined into water droplets, out of the reaction side of photooxidized olive oils. This result indicated that the ascorbic acid which was hydrophilic antioxidant, if incorporated into the microemulsion system was effective to protect the oils from photo-oxidation reactions. Figure 1 also shows that the PVs decreased after 5 hours of fluorescent light exposure in light exposed VCO samples without or with 1% (w/w) ascorbic acid microemulsion. In this condition, hydro-peroxides will have decomposed into secondary oxidation products. If the rate of hydroperoxide decomposition is greater than that of hydro-peroxide formation in the oil, it could have very low hydro-peroxide content. Because of the reason, it was considered to determine the secondary oxidation products.
E.2. p-Anisidine value changes
The p-AnV method measures the content of aldehydes (principally 2-alkenals and 2,4-alkadienals) generated during the decomposition of hydroperoxides. A higher level of p-AnV revealed a higher extent of the secondary oxidation products formatting in light exposed oils which might be due, in part, to the enhanced rate of oxidative deterioration (Khan and Shahidi, 2002 in Anwar et al. 2007 ). The p-AnVs in light exposed VCO samples containing microemulsion were showed in Figure 2 . Figure 2 shows that no significant different (p>0.05) in p-AnVs until 5 hours illumination of VCO samples containing w/o microemulsion (Figure 2A ) or ascorbic acid microemulsion ( Figure 2B ). This result indicated the lag stage for formatting the secondary oxidation product. Along with this period, the light exposed VCO samples producing hydroperoxides. According to Osborn and Akoh (2004) , the hydroperoxides must first be present before they can decompose into the secondary oxidation products. However, in the light exposed VCO containing w/o microemulsion or 1% (w/w) ascorbic acid microemulsion significantly (p<0.05) increased the p-AnV after 5 hours illumination. It was indicated that intense light exposure in VCO leads the accumulation of secondary oxidation products which was increasing the p-AnVs. Figure 2 also shows that significantly (p<0.05) lower p-AnVs in the light protected samples and in the VCO containing ascorbic acid microemulsion. The p-AnV in the samples containing ascorbic acid microemulsion at concentration of 5, or 10% (w/w) had constant value during illumination. It was indicated that the ascorbic acid microemulsion effective to retard the photo-oxidation reaction and prevent the formation of hydroperoxides which decomposed to secondary oxidation products.
E.3. TOTOX value changes
The TOTOX value is a measure of the total oxidation, including primary and secondary oxidation products. It was expressed as 2 PV + p-AnV. The PV and p-AnV reflect the oxidation level at early and later stages of oxidation reaction, respectively. During lipid oxidation, it is often observed that PV first rises, and then falls as hydroperoxides decompose. TOTOX value measures both hydroperoxides and their breakdown products, and provides a better estimation of the progressive oxidative deterioration of fats and oils (Shahidi and Zhong, 2005) . The TOTOX values of light exposed VCO samples were showed in Figure 3 . Figure 3 had a similar trend with the Figure  1 . At the 5 hours of the first stage illumination, light exposed VCO containing different amount of w/o microemulsion showed very significantly (p<0.01) higher TOTOX value than that's the light protected samples but there was no significant different (p>0.05) among the concentrations of w/o microemulsion addition.
After 5 hours illumination, there was constant of TOTOX value. It was indicated that the oxidation rate of light exposed VCO samples decreased after 5 hours illumination. Figure 3B shows that the light exposed VCO containing ascorbic acid microemulsion showed significantly (p<0.05) lower TOTOX value than that's the light exposed VCO without ascorbic acid microemulsion. It was indicated that the ascorbic acid microemulsion effective inhibit the photo-oxidation reaction in VCO.
CONCLUSIONS
Water-in-VCO (w/o) microemulsion could be formed on the HLB number of 7. If this microemulsion containing 75% oils its need surfactant concentrations of ≥ 4.5 part of water, and if containing 77.78% oils, the surfactant concentration must ≥ 5.5 part of water. These microemulsions remained stable during storage at room temperature, even after centrifugation, but did not tolerate at high temperature. The maximum solubility of ascorbic acid in w/o microemulsion was 1%. Ascorbic acid microemulsion resistant to photo-oxidation and effective inhibits that reaction in VCO which could affect to its quality deterioration.
